of cases are symptomless. It may also be found on radiological examination of a patient with malnutrition, anwmia, steatorrhoea, &c. Diverticula may fail to fill and their number and extent are always likely to be underestimated.
As a further diagnostic aid in all doubtful cases of this syndrome, an absorbable antibiotic such as chlortetracycline should be given. If clear improvement results in the blood picture or clinical state, the diagnosis is strongly supported. TREATMENT Operation may be necessary if "blind loops" are suspected, to judge the extent of intestinal diverticulosis, or, in rare instances, to resect a stricture. Before operating, it should be possible in most patients to improve their general condition and the anemia can nearly always be ameliorated. A low-fat diet may be necessary, and mineral and vitamin deficiencies will need replacement. If a "blind loop" can be resected, and normal continuity restored, there should be a complete and dramatic recovery. If the bowel is the seat of multiple diverticulosis, this may prove at operation to be far more extensive than was anticipated, and resection may be impossible. If radical treatment is not possible, the patient can usuaRly be greatly improved by medical measures.
If the general etiology of all these conditions is accepted, that is, that there exists under certain conditions in the intestine an altered flora such that essential trace food factors are lost to the host, then the purely descriptive name of "blind loop" should be abandoned, to be replaced by some name which describes the functional state of privation. The concept of this privative state may then be extended. Dare we regard for instance, the fatty liver which proceeds to fibrosis, seen in some patients with severe ulcerative colitis, as, in part, a nutritional disease of the liver due to involvement of the cxcum and ascending colon, that is, that part of the gut which is said to be the main site of vitamin synthesis? Our attention was directed to this possibility when, a year ago, we saw a patient with oedema and hypoproteinaemia, who was found to have a carcinoma of the cecum, with a fatty liver, and amblyopia. The carcinoma was successfully resected; the liver is now progressing to fibrosis. Such a possibility should receive consideration. JOSLIN, E. P., ROOT, H. F., WHITE, P., and MARBLE, A. (1952) Massive Intestinal Resection By J. M. PULLAN, M.Chir., F.R.C.S. London THE term "massive intestinal resection" has by convention come to mean the loss of more than 200 cm., or approximately 7 feet, of small bowel. The early reports were content with short-term survival and in the rivalry of the early years of the century surgeons competed in the magnitude of their resections. Of more interest to the patient is the amount of small bowel that remains and recent emphasis has shifted to the investigation of the effects of resection in survivors.
NORMAL LENGTH OF SMALL BOWEL This is extremely variable and increases with stature and in races taking a diet containing much roughage. Bryant (1924) found lengths varying between 10 ft. and 28 ft. 4 in.; Treves (1885) between 15 ft. and 33 ft., while Kallio (1932) found a mean of 224 ft., or 675 cm., in 1,161 individuals measured post mortem or at operation. Alvarez (1948) , however, gives a length of 8 to 10 ft. in the live state.
Measurements vary with the tone of the muscle, or the presence of the mesentery or the manner of its detachment, and should be made in the unfixed state. The length of remaining intestine cannot be deduced by a simple subtraction of the length removed from a hypothetical normal: but when the remainder is no more than 2 or 3 ft. an approximate live measurement, either at operation or radiologically, is possible.
REASONS FOR MASSIVE RESECTION
Removal of large lengths of intestine is not lightly undertaken but cannot be avoided when the surgeon is faced with extensive gangrene. These resections, however extensive, are always worth while since there are many who not only survive but return to a tolerable life following resection of 80% to 90% of their small bowel (West et al., 1938; Todd et al., 1940; Holman, 1944; Meyer, 1946; Cogswell, 1948; Althausen et al., 1949; McClenahan and Fisher, 1950; Wilkie, 1950; Jackson and Linder, 1951; Berman et al., 1953; Martin et al., 1953; Bothe et al., 1954; Trafford, 1956; Pilling and Cresson, 1957) . At the same time not all have fared so well. Successful patients become notorious, but many more failures die miserably and unsung. Massive resections are uncommon and during the last ten years at St. Thomas's Hospital the records of only three resections of any length have been found and none of these exceeded 5 ft.
Analysis by Haymond (1935) of 257 patients gives the following reasons for massive resection, in the order of their frequency:
(1) Volvulus-76.
(2) Strangulated hernia-45.
(3) Mesenteric thrombosis-34.
(4) Female pelvic diseases-21. To these must be added the following conditions, which do not appear in Haymond's classification:
(1) Crohn's disease, including stage resections.
(2) Operative hazards, e.g. pancreatectomy.
(3) Infantile atresia of bowel. (4) Meconium ileus. (5) Volvulus secondary to malrotation of intestine.
AMOUNT OF SMALL BOWEL REMAINING In the early days of abdominal surgery surgeons faced with the unavoidable necessity of massive intestinal excision sought an answer to the question "How dispensable is the small bowel?" No simple answer has yet been found and the effects are very variable. Some survive, at least for a time (nine months to indefinitely) with no small bowel at all, or only a few inches (Jackson and Linder, 1951; Martin et al., 1953; Brezin and Oren, 1954; Gaynor and Diefenbach, 1957) , while others are severely incapacitated with resections less than massive (Posey and Bargen, 1948; Jackson and Linder, 1951) . It may be, however, that surprisingly bad results after small resections are due to persisting or recurrent disease, or the formation of a blind loop or stricture in the technique of anastomosis (Jackson and Linder, 1955) . In Haymond's analysis (1935) the resection of lengths greater than 13 ft. resulted in abnormal nitrogen loss in the stool, while abnormal fat excretion occurred with resections of half this extent. Haymond concluded in 1935 that "if the patient survives the operation a loss of one-third of the small bowel should permit a return to normal; resection of one-half is the upper limit of safety, while greater amounts give poorer results even though an exceptional case may be better than predicted". Since then many reports show that life is possible with as little as 18 in. of small bowel, though Haymond's conclusions still provide a good working rule (West et al., 1938; Meyer, 1946; Cogswell, 1948; Althausen et al., 1949; Berman et al., 1950; Christensen et al., 1950; Berman et al., 1953; Pearce et al., 1953; Bothe et al., 1954; Eckstam and Barry, 1954; Jackson and Linder, 1955; Montgomery and Pincus, 1955; Schwartz et al., 1955; Trafford, 1956; Pilling and Cresson, 1957) .
EXPERIMENTAL RESECTION OF INTESTINE Experimental resection of intestine, mainly in dogs, has been carried out by many investigators since 1888 (Senn, 1888; Monari, 1896; Erlanger and Hewlett, 1901; Evans and Brenizer, 1907; Flint, 1912; Wildegans, 1925; Kunz and Molitor, 1928; Clatworthy et al., 1952) . They concluded in general terms that 50% of the small bowel is dispensable in the dog. Resections up to 75% were compatible with survival, though not in full health or at a normal weight. Some did well with an 80% removal, while others never truly recovered from a loss of 60 % of the small bowel. There was some evidence of hypertrophy and hyperplasia of remaining intestine (Flint, 1912; Clatworthy et al., 1952) , though in the most massive resections this did not occur. Older dogs proved more resilient than younger ones, but in humans (and Clatworthy's dogs) youth was an advantage (Haymond, 1935) and should be no bar to resection when indicated.
RESULTS OF MASSIVE RESECTION
The patient who does not immediately succumb goes through three phases of recovery. The post-operative fluid and electrolyte crisis, asso-,ciated with severe diarrhoea, which may last two or three weeks; the phase of recovery and adaptation, which may last from one to two years; and the final stage in which no further recovery takes place and in which, if recovery is incomplete, the patient learns to live with and to some extent circumvent his disability. The battle may be lost at any stage through failure of adequate compensation or intercurrent disease, to which he may be unusually prone.
In the first phase return of intestinal motility results in a profuse diarrhoea which remains one of the most distressing symptoms. It is associated with tenesmus, burning, perianal irritation and sometimes excoriation. The diarrhoea is maximal during the first two or three weeks and presents a problem of management akin to, but greater than, that of a newly formed ileostomy. The fluid electrolyte losses may be enormous, as much as a litre being passed ten or twelve times per day. The diarrhoea gradually lessens as the end of the first stage is reached.
In the second stage the emphasis shifts from fluid and electrolyte balance to nutrition. The patient rapidly loses weight and despite a large oral food intake loses much of it in the stools. The absorption of fat is most disturbed and may be almost abolished. To a lesser extent proteins are affected and carbohydrate absorption is hardly disturbed.
Vitamin deficiencies will become established in the absence of treatment. The fat-soluble vitamins A, D and K are understandably affected, though the absorption of vitamins of the B group and C is also severely restricted. Glossitis, angular stomatitis, pellagra and psychotic changes may result. Hypocalcemia and tetany occur and, rarely, hlmorrhage due to hypoprothrombineemia. Anxmia and hypoproteinwemia are very rare in the pure picture. The patient becomes -weak and irritable and difficult to manage. He may suffer from abdominal cramps, distension and nausea.
During this stage the rate of intestinal passage -gradually slows, though single evacuations may measure up to 12 gallons (Jackson and Linder, 1955) . Improvements in protein and carbohydrate absorption are demonstrable. An equilibrium is reached as compensation is established -and thereafter, in the third stage, the problem is to find a regime which best suits the individual patient, though a relapse may at any time occur due to dietary carelessness or mental changes.
It is in the behaviour of the individual towards his dietary fat, and on the ability of his physician to modify it for the better that the patient's welfare largely rests, for on this depends not only his fat intake but, more important, his protein, fatsoluble vitamins, calcium and phosphorus absorption.
Adaptation and Survival
The body must adjust itself to the impaired intake of nourishment or succumb. Weight is lost and can be supported only at a level considerably lower than before.. The metabolic rate is reduced and physical activity curtailed. The absorptive' capacity of the intestine is capable of improvement as time goes on, though the mechanism is uncertain. In time the rate of gastric emptying (Althausen et al., 1950; Jackson and Linder, 1951) and the passage through the alimentary tract are slowed (Pilling and Cresson, 1957)-the transit of food from mouth to anus in Althausen's case (Althausen et al., 1950) changing from three and a half hours on the ninth postoperative day, to eighteen hours at three weeks. Food intake is increased and eating becomes more continuous. The colon enlarges to accept the enormous volume of the faces and probably increases its absorptive activity of carbohydrates and even of amino acids.
The effect of any given resection is unpredictable, but is better tolerated when done in stages, as sometimes happens in progressive Crohn's disease. The presence of a segment of ileum, the ileocwecal valve and as much colon as possible seems to be a decided advantage (Althausen et al., 1950; Brezin and Oren, 1954; Pietz, 1956; Trafford, 1956; Pilling and Cresson, 1957) . Fat Absorption A healthy individual normally absorbs about 95 % of the ingested fat, mainly from the ileum. Absorption depends, apart from surface area, upon food arriving at the right place at the right time after contact with appropriate ferments, and there remaining for a sufficient period. If the fat is rushed through the small remnant and reaches the colon before the lipase has done its work it is already beyond the absorptive area.
Such a concept has been summarized as a timecontact relationship between food, ferments and mucosa (Berman et al., 1950) . Splitting continues in the colon where fatty acids (especially long-chain) irritate the colonic mucosa and lower the pH of the bowel contents. As much as 97 % of the ingested fat may be recovered from the stool, where approximately half of it is split.
Proceedings of the Royal Society of Medierne
Such figures have been obtained on a high fat intake of about 180 grams while on a lower fat intake the percentage of fat in the stool may decrease, though the amount absorbed (6 5-8 grams) does not increase (Jackson and Linder, 1951) . Other writers report a loss in the feces of 77 % (Althausen et al., 1949) , 45 % (West et al., 1938; Todd et al., 1940) and 20% (Christensen et al., 1950), more or less according to the length of remaining bowel, though Schwartz's case (Schwartz et al., 1955) absorbed 50% of ingested fat with no bowel between duodenum and transverse colon, and in two other patients fat absortion was apparently unaffected with only 3 ft. or less of remaining small bowel (Kositchek and Rabwin, 1950; McClenahan and Fisher, 1950) . Absorption of vitamin A (as a measure of fat absorption) can vary between 36% and 22% of normal (Althausen et al., 1950) . The butter absorption test, on the other hand, shows a marked improvement with time, to almost normal performance (Althausen et al., 1949; Althausen et al., 1950) . This may be a measure of two different mechanisms (viz. Fraser's hypothesis of dual absorption of fats) whereby the neutral fat is very much more easily handled than fatty acid (Althausen et al., 1950) . This observation is confirmed by others (Pearce et al., 1953) . There are other factors adversely affecting the absorption of fat. The reaction of the bowel contents has been found to be at a pH of 3 5 to 6 (Jackson and Linder, 1951, 1955; Pietz, 1956) ; while lipase, and incidentally trypsin (Jackson and Linder, 1951) , has hardly any activity at a reaction below 8 (Best and Taylor, 1955) . The acidity is thought to be due to the lack of alkaline pancreatic juice and succus entericus. Pancreatic secretion has been measured and found to be reduced (Jackson and Linder, 1951) and at necropsy the pancreas is often atrophic. The flow of pancreatic juice is normally stimulated by secretin and pancreozymin (Harper and Raper, 1943) which are formed in the small bowel. Lack of these when the small bowel is missing would cause a deficient flow. The acid gastric secretion also acts as a stimulus to pancreatic activity and the frequent finding of hypochlorhydria (Jackson and Linder, 1951) might also contribute to impaired function. Thus not only is there a deficiency of pancreatic lipase, but what is available is likely to be inactivated by the low pH values.
Proteins
Not only is the absorption of protein less affected than that of fat but powers of recovery exist (Althausen et al., 1950) , from 17% initially to 88 % eventually of average normal values, as shown by methionine tolerance test. Never-theless, excessive nitrogen loss in the stool, mostly in the form of undigested meat fibres, is to be expected when more than 13 ft. of bowel have been lost (Haymond, 1935) . Plasma proteins are maintained at a relatively normal figure and ratio until the final stages of the struggle in those who succumb to their disability. Whenever nitrogen balance studies have been carried out a positive balance is usually found (Berman et al., 1950) , though sometimes only when fat intake is restricted (Jackson and Linder, 1951) . Increasing the fat intake reduces protein absorption. ClEdema is uncommon and when it has occurred seemed to be due to causes other than hypoproteinaemia. Utilization of protein varies between 40 % and 100 %, according to the length of remaining bowel (West et al., 1938; Todd et al., 1940; Althausen et al., 1950; Berman et al., 1950; Pilling and Cresson, 1957) . The greater ability to absorb protein (rather than fat) may be in part due to the demonstrable powers of the colon to absorb amino acids (Brezin and Oren, 1954) and the higher split products of casein hydrolysis (Short and Bywaters, 1913; Rhoads et al., 1939) .
Carbohydrates
The ability to absorb carbohydrate, also water, is the earliest to recover and is usually complete. Glucose absorption is the first to return, followed by that of galactose, and the absorption of methionine and glycine follow (Althausen et al., 1950) . Glucose is more easily handled than starch, which requires first to be hydrolysed and may well be in the colon before this is complete. The presence of so much carbohydrate in the colon in contact with the bacterial flora results in much fermentation and gas production and is thought to give rise to the abdominal cramps and bloating which these patients frequently suffer, and which can be temporarily improved by partial elimination of the flora by antibiotics (Althausen et al., 1949) . The stomach and duodenum are capable of some glucose absorption and the colon is thought to absorb glucose in isotonic solution at a slow rate (1/10 of that of duodenum and upper jejunum). The glucose tolerance curves are nearly always flat, which usually indicates impaired absorption, though patients deriving calories almost entirely from carbohydrates to the exclusion of fat may show increased tolerance (Jackson and Linder, 1951) . If the intravenous glucose tolerance test is normal then impairment of absorption can be deduced. Excessive carbohydrate loss in the stool is not found, though this may be partly due to the utilization and destruction of carbohydrate in the colon by bacteria (Althausen et al., 1949) .
Vitamins
The fat-soluble vitamins (A, D, E and K) are likely to be imperfectly absorbed in the presence of steatorrhoea and the vitamin-A absorption curve is actually used as a measure of fat absorption. Plasma vitamin A and carotene have been found to be reduced (Jackson and Linder, 1955) .
Vitamin B complex is poorly absorbed and vitamin B12 is sometimes not absorbed at all, despite normal blood pictures (Oxenhom et al., 1958; Adlersberg, 1957) . This vitamin is normally absorbed from the lower ileum (Cooke et al., 1957) , a segment often missing after massive resection. Despite this the occurrence of macrocytic anxmia in cases of pure resection is rare, if it occurs at all.
There is also, surprisingly, extreme difficulty with vitamin-C absorption, which may show very low serum levels (Althausen et al., 1949; Jackson and Linder, 1951) , though reports of frank scurvy have not been found.
Minerals and Electrolytes
Iron.-Anwmia is exceptionally uncommon after massive resection when the remaining bowel is healthy and no chronic bleeding drains the body's iron reserves (Jackson and Linder, 1951, 1955) . This may be explained by the modem concept of 100% iron conservation of which the body is capable (McCance and Widdowson, 1933; Whipple and Robbins, 1936) . Nor has anmemia, either microcytic or macrocytic, been obtained experimentally by massive resection alone (Miller and Rhoads, 1935; Petri et al., 1942; Brown, 1949) , although in the presence of persistent disease or blind loops or intestinal strictures it is common.
Calcium and phosphorus.-The absorption of calcium and phosphorus seem to run roughly parallel (Todd et al., 1940) , the calcium loss in the stool depending directly upon the fat content and indirectly upon the fat intake (Todd et al., 1940; Cogswell, 1948) . Balance studies have usually shown a small negative calcium balance, but in a degree easily compensated by drawing on the body's calcium reserves. Despite the negative balance osteoporosis may not be recognizable after two or three years (Jackson and Linder, 1955; Pietz, 1956) . In a few patients (19% of a series reviewed by Pietz, 1956 ) the calcium loss has been great enough to cause a lowered serum calcium and even tetany (West et al., 1938; Cogswell, 1948; Pietz, 1956) , though according to other authors this is surprisingly rare where persistent disease and blind loops are excluded (Jackson and Linder, 1955) . This may be understandable if, as reported by Berman et al. (1950) , normal faecal values for calcium soaps can exist, despite a very high fatty acid content. Achlorhydria may aggravate the absorptive difficulty. Although calcium is for the most part normally absorbed in the duodenum and upper jejunum the presence of a segment of ileum, however small, and the ileo-cical valve seems to make hypocalcwmia unlikely (Pietz, 1956) .
Excessive quantities of sodium and potassium are lost in the stool, sometimes amounting to ten times the normal excretion.
Other Findings
The bacteriology of the stools has not differed from normal (Jackson and Linder, 1951) . Post-mortem Findings The liver may be normal (Jackson and Linder, 1951) , though atrophy (Martin et al., 1953) , fibrosis (Jackson and Linder, 1955 ) and fatty infiltration have been recorded.
The intestinal remnant is dilated and the walls thickened by cedema and muscular hypertrophy. Sometimes a slight elongation has been found post mortem, but just as often no change. Hypertrophy of the mucous membrane has been described, in that the intestine is larger in calibre and there is greater redundancy of the lining (Martin et al., 1953) . Whether dilatation is an advantage is doubtful since it does not necessarily lead to an increase in absorptive surface, as the same amount of mucosa accommodates to the dilatation by losing some of its reduplication. Furthermore, the larger the calibre of the intestine the greater is the ratio of intestinal volume to absorptive surface. At the same time an increase in the number of mucosal cells (if it occurs) must be a gain, whatever the calibre of the gut, in which wastage of food material is inevitable.
TREATMENT
In the immediate post-operative phase fluid losses from all measurable sources must be charted and replaced intravenously. Serum sodium, potassium and chloride levels are checked almost daily as a guide to electrolyte losses. An adequate urinary excretion of 1-1l litres should be maintained. All intravenous fluids should contain 5 % of dextrose in solution. Intravenous fat, when available, is a useful adjunct, both as a more concentrated form of fuel and by way of supplying that food element which is most severely curtailed. Intravenous protein hydrolysate may be useful when recovery is prolonged.
Normal oral feeding is resumed as soon as possible. Food intake should be frequent and in the most massive resections almost continuous (Berman et al., 1950) . In this way the remaining small bowel mucosa is used to best advantage; food passes through at an even rate and the sudden rushes and dumping of large meals, which aggravate the intestinal hurry, are avoided. The patient is gradually settled on to a diet of very low fat content, though dairy fats in cream and butter should be allowed up to the limits of tolerance (Althausen et al., 1949; Althausen et al., 1950; Bothe et al., 1954) . The diet should contain an excess of calories (up to 3,000) to allow for the wastage, and be high in carbohydrate, and high or medium (Meyer, 1946) in protein. Starches are avoided as they increase intestinal fermentation and lead to cramps and distension (Althausen et al., 1949) . It is almost universal experience that these patients will thrive better if allowed a fairly wide choice of appetising foods and any attempt to "fortify" the diet with unpalatable protein hydrolysates, purees and the like simply results in a reduced intake and further loss of weight, and may aggravate the diarrhoea (Althausen et al., 1949; Christensen et al., 1950; Jackson and Linder, 1951; Berman et al., 1953; Pilling and Cresson, 1957) . Vitamins A, B, C, D and sometimes K (Christensen et al., 1950) are required in amounts in excess of normal and may have to be injected when deficiency is established. If diarrhoea persists depletion of sodium and potassium may occur, but can usually be balanced by increased oral intake.
Attempts are made to slow down the rate of intestinal passage and opium has been found most effective, though autonomic ganglion-blocking agents are also useful (Brezin and Oren, 1954) . The whole range of constipifacients should be tried in an effort to find the formula most suited to the individual. Vagotomy was without effect (Weckesser et al., 1951; Marien and McCorriston, 1952) .
Demulcents such as Tween-80 do not improve the fat absorption, though pancreatin has seemed of benefit to the patient without demonstrably reducing the fecal fat loss (Christensen et al., 1950; Pilling and Cresson, 1957) . Roughage is usually avoided.
Calcium and iron in a soluble form are also prescribed and can be given by injection when the need is urgent and oral therapy is ineffective or too slow.
Cortisone has been used and seems on occasions to have improved the absorption of carbohydrate and fat (Adlersberg 1957 ). Diarrheea has lessened and weight has been gained. Elsewhere cortisone and ACTH were without avail, or even harmful in other respects.
Pregnancy has on occasions brought about a marked improvement in absorption (Montgomery and Pincus, 1955) . The effect of folic acid in reducing the fical fat is worth trial (Schwartz et al., 1955) . Capsules and tablets often appear unchanged in the stool and should be abandoned in favour of liquid or powdered preparations (Lawrence, 1953) .
COMPARISON WITH OTHER SYNDROMES The picture produced by massive resection is a combination of starvation and steatorrhaea, with the secondary effects of reduced calcium absorption and vitamin depletion. When compared with the findings in cases of sprue, idiopathic steatorrhoea, chronic small intestinal obstruction, blind loop and gastro-colic fistula certain differences appear. Anmmia of any kind is uncommon and hypoproteintmia only terminal, while calcium absorption is often only mildly affected. The difference may be due to the presence of a length of normal gut, however short, as compared with the other syndromes in which the changes (probably bacterial) affect the entire length of small bowel.
